25 26 The 14 th --18 th century pandemic of Yersinia pestis caused devastating disease 27 outbreaks in Europe for almost 400 years. The reasons for plague's persistence and 28 abrupt disappearance in Europe are poorly understood, but could have been due 29 to either the presence of now--extinct plague foci in Europe itself, or successive 30 disease introductions from other locations. Here we present five Y. pestis genomes 31 from one of the last European outbreaks of plague, from 1722 in Marseille, France. 32
Introduction 39 40
The bacterium Yersinia pestis is among the most virulent pathogens known to cause 41 disease in humans. As the agent of plague it is an existing threat to public health as 42 the cause of both emerging and re--emerging rodent--derived epidemics in many 43 regions of the world (Duplantier et al., 2005; Vogler et al., 2011; Gage and Kosoy, 44 2005) . This, and its confirmed involvement in three major historical pandemics, have 45 made it the subject of intense study. The first pandemic, also known as the Justinian 46 Plague, occurred from the 6 th through the 8 th centuries; the second pandemic 47 spanned the 14 th to the 18 th centuries; and the third pandemic started in the 19 th 48 century and persists to the present day. 49 50
Attempts to date the evolutionary history of Y. pestis using molecular clocks have 51 been compromised by extensive variation in nucleotide substitution rates among 52 lineages (Cui et al., 2012; Wagner et al., 2014) , such that there is considerable 53 uncertainty over how long this pathogen has caused epidemic disease in human 54 populations. In addition, there has been lively debate as to whether or not it was the 55 principal cause of the three historical pandemics (Cohn, 2008 2014). The strains associated with the first and second pandemics represent 65 independent emergence events from these rodent reservoirs in Asia. The on--going 66 third pandemic also originated in Asia, although genetic evidence suggests that it 67 may derive from strains that descend from those associated with the second wave 68 that spread back to Asia and became re--established in rodent populations there 69 (Wagner et al., 2014) .
71
The impact of the second pandemic was extraordinary. During this time period there 72 were hundreds and perhaps thousands of local plague outbreaks in human 73 populations throughout Europe (Schmid et al., 2015) . It is very likely that some of 74 these outbreaks were caused by the spread of plague via the maritime transport of 75 humans and cargo, as was undoubtedly the case during the global spread of plague 76 during the third pandemic (Morelli et al., 2010) . However, the processes responsible 77 for the potential long--term persistence of plague in Europe during the second 78 pandemic are still subject to debate. It is possible that once introduced to Europe 79 around the time of the Black Death, Y. pestis persisted there for centuries, cycling in 80 and between rodent and human populations and being introduced or reintroduced 81 to various regions throughout Europe (Carmichael, 2014). Another possibility is that 82 plague did not persist long--term in European rodent populations, but rather was 83 continually reintroduced from rodent plague foci in Asia (Schmid et al., 2015) . 84 85 5
To address this key issue in Y. pestis evolution and epidemiology, we investigated 86 plague--associated skeletal material from one of the last well--documented epidemics 87
in Provence (i.e. the Plague of Provence), France (1720--1722) that occurred at the 88 end of the second pandemic. In particular, we compared the evolutionary 89 relationship of these historical Y. pestis strains to those sampled from other time 90 periods, both modern and ancient. Our results demonstrate that the strains 91 responsible for the Black Death left descendants that persisted for several centuries 92 in an as yet unidentified host reservoir population, accumulated genetic variation, 93
and eventually contributed to the Plague of Provence in mid--eighteenth century 94
France. Although these lineages no longer seem to be represented within the genetic 95 diversity of extant sampled Y. pestis, they may have been involved in additional, 96 earlier second--wave epidemics in the Mediterranean region and beyond. 97 98
Results

100
Skeletal material used in this investigation was sampled from the Observance (OBS) 101 collection housed in the osteoarcheological library of the Regional Department of were detectable for five of the 20 teeth (Table 1 ). Products were not sequenced. historical European plague outbreaks, where genomic data provide but one piece of 234 critical information in this consilient approach. 235 236
Material and Methods 237 238
For this study 20 in situ teeth were freshly harvested, horizontally sectioned at the 239 cementoenamel junction in a dedicated ancient DNA facility, and drilled to remove 240 approximately 50mg of dental pulp/dentin from the inner surface of the tooth crown 241 or the roots. DNA extractions were carried out following protocols described Raw reads were trimmed, overlapping paired reads were merged as described 260 elsewhere (Schuenemann et al., 2013) , and merged reads were subsequently filtered 261 for a minimal length of 30 bp. Preprocessed reads were mapped to the CO92 262 reference genome using the Burrows--Wheeler Aligner (BWA) (Li and Durbin, 2009) 263 with increased specificity (--n 0.1) and a map quality filter of 37. 264 265
For maximum accuracy in SNP calling, reads were processed independently at three 266 research centres, and the intersection was used as our final SNP table 267
( Supplementary File 1) . At the University of Tuebingen, reads were processed as 268 described above and SNP calling was done according to a protocol described by Bos 
